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T 39 ] [ 3TRrhaT 376 : 200

Instructions ( &%) .

(i) This paper is divided into two Sections, Section—A and Section—B.

¥ TE9 o @l H fawiieg 2, ©8—A 3R @B |
(i) Each Section contains eight questions.

T TS H 38 I 2
(iii) A candidate has to attempt twelve questions.

Teh qienef o SRE el w1 I fore 2|

(iv) Question Nos. 1 and 9 are compulsory and out of the remaining, any
ten are to be attempted choosing five from each Section.

I G 1 3R 0 AR 8 3R I9 Yo 4 ¥ el 2| 1 S o ], IO TS
T Ora-ur<r Y31 <l 8 T Bl

(v) Question Nos. 1 and 9 consist of five parts each. Each part will be of
6 marks. Word limit will be 150 (in relevant subjects only).

o U TOEAT 1 37K 9 % UE-UTa 9T 2| T W % Y 6 37 FuiiE 21 wsg wen
150 Hiftd 8 (9 grag fomdi 7))

(v) Remaining questions will be of 14 marks each.

9 U 14 3Tkl & fid 99 BT
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SECTION—A

Es—A
1. Answer the following questions : 6x5=30
Fefeied st & W T -
(@) Deduce the number of resonator between frequency range v and v + du.
(Assume the walls of cubic enclosure is perfectly reflecting.) 6

AT IR v 3R v+ dv F = W (FAEH) 6 T2 B Fremt| (TF o 6
(e AR I GaR I a8 ¥ vffefem g o 21)

(b) An xyz coordinate system is rotating with respect to an x'y’z’ coordinate
system having the same origin and assumed to be fixed in space. The

/ Y S g

angular velocity of xyz system relative to the x'y’z’ system is given by
@ = 2ti —t*j + (2t + 4)k , where t is the time. The position vector of a particle
at time t as observed in the xyz system is given by r= (tg + 1)?— 6tj +4t3k
Calculate Coriolis and cenfripetal acceleration. 6
Teh xyzﬁ—?:fﬁﬁ?[ﬁ'l@ x’y’z’ﬁ-ﬁﬁ?ﬁﬂ%ﬁ%@fﬁ%@%ﬁm AR
w%aﬁtmﬁﬁwaﬁﬁqmﬁm@a%l xyz SUTE § HTae x'y’z" =l
HIONF T 0 =2ti—1°] + (2t +4)k B, T&F ¢+ T B FIERE BWT 2| ¢ TUF T TH
urféma &1 wisiem St (Rufy wfew) 38 &% xyz yoreht & fear mn 2
r= (t2 +1)§—"6t}+4t3fé 2| HIfaTTE 3R 31fiehg o & 79 L

(c) A point charge g of mass m is kept at a distance d below a grounded

infinite conducting sheet which lies in the x-y plane. What is the
value of d for which the charge remains stationary? 6]

Teh W52 AT (charge) g S T2WH (mass) m 2 31K 30 TF US28 RIS
wefden WM # d gt W @1 ™ R W ooy TG § IR B AR =W R
(stationary) @1 8 @ d ! O 1 87

(d) A plane monochromatic light wave falls normally on a diaphragm with
two narrow slits separated by a distance d = 2-5 mm. A fringe pattern is
formed on a screen placed at a distance of 100 cm behind the diaphragm.
By what distance and in which direction will these fringes be displaced
when one of the slits is covered by a glass plate of thickness 10 pm? 6

Tsh HHA HIMIShIAT Jeh1eT TUT T &9 8 U %M W re 2, Red o g
f&7ed 214 8 S gl d = 2:5 mm & 7@ g §1 TREm % D 100 cm i g0 Ww@
Bh (74) W U 5T St wan 31 Foraeft ot w 3fie fopm fean # 3 fibwr fereenfia 2m,
Fic frtht T oeTe =1 i 6 wie A Ha fopan wren 2, Forget 9o 10 um 87
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(e) Consider a heteronuclear diatomic molecule with moment of inertia I
Using classical statistical mechanics, calculate the specific heat C(T) of
this system at temperature 7. (Consider only the rotational motion of the
molecule.) 6

T T TR fgamores o10] W femm = oment Stge et (Fie 31t gaidfm)
I 3| SATEehe] ATTeTehia Aireh! 1 3T L 3¢, 39 Jomelt (Raen) =1 amum
(THER) T R TIfTE o1 C(T) 31 9 Hehtet | (Sharet 3197 6 ol 71 b ermom & W)

2. Examine the scattering produced by a repulsive central force | =~x€. Show
r
that the differential cross-section is given by

o(6)d8 == — (x_lidx
2E x*(2- x)" sin®x

where x is the ratio of 6/n and E is the energy. 14

Teh IfdhyTl g o fz—xgamdcq:t TehiUE T St | fear T femiRme sia-
frm oo en 2 '

k. (x—1)dx
2FE 2 (2- x)2 sin x

o(0)do=

ST x, 0/7 %1 IAE & 3R £ oS R

3. Two spaceships A and B each of same rest length L, are moving in the same

3c

4c
direction with speeds = and = respectively where ¢ is the speed of light.

Calculate the time taken by spaceship A as measured by B to overtake
B completely. (See figure below.) 14

I

& sintee T A 3ik B, For el o e <o 12, oo @ o s o ok
1 T(d 8 IA @ &, &l ¢ TR 1 A1 gl AN a9 A T AN T9 B R g o
3TEtess Hid § Toram T g shl o oK, S fs Bgr mman s 8| (R few e e e
<@ )
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4. (o) What do you understand by the covariance of Maxwell’s equations?

AEde o TR % TETEl (HI-9NTH) ¥ 39 T T e

(b) Using the Maxwell’s equations in tensor form, write the covariant o
and contravariant F* components of electromagnetic field tensor in matrix
form.

Tiew (3e) % 9§ Fomae & GHIR 1 ST w5, fgagedy &7 3 %
TREANH F,, 3R Remel (Figefde) FYY oot i ifew S w0 § fid 2

S. An amount of charge g is uniformly spread out in a layer on the surface of a
disc of radius a.

TR (TS g T AT T T5weh, Tiaeht B2 o 2, 61 o998 R v o § o9 &9 3 St
T ¢

(@) Use elementary methods based on the azimuthal symmetry of the charge
distribution to find the potential at any point on the axis of symmetry.

Tt 3 17 (el 1 g w e oft firg e fiyvar (SR fmrer) s it R
fetw. smeter fereor <1 arsfigere arewa W 3meria sefes Rt 5 e i

(b) With the aid of (a), find an expression for the potential at any point (| 7| >a)
as an expansion in angular harmonics.

(a) =BT FETIAT § =hIvRr g o s % w0 # fondlt ot 7 7 (] | >0) W DR
% foru weresie s Wi

6. (a) A parallel beam of monochromatic light of wavelength 600 nm is incident
normally on a surface.

600 nm TUICE AT HHIGHIATS JehTel h1 Ush HHMIR U¥ T Fa8 R = §9 3
gt g 2l

(i) How many photons or radiation fall per sec on a surface in order to
produce a force of 10™ N if it is observed that 50% of incident photon
are reflected by the surface?

e Ig <@ T fF 50% 3mafad Biei gas ¥ uiEkid 219 3, @ 1076 N 1 9
39F U % 1T Tag W 9fd Tehe e Wil a1 fafe firg 22

(i) At what rate will temperature of the plate rise if its mass is 20 gm
and specific heat is 2000 J/kg °C?

I 1 AOAE TRE e ¥ 9 AR THHT gHHM 20 gm IR fIRT 9
2000 J/kg °C 87
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(b) A flask is filled with 13 gm of an ideal gas at 27 °C and its temperature is
raised to 52 °C. What will be the mass of the gas that has to be released
to maintain the temperature of the gas in the flask at 52 °C and the
pressure remaining the same? 5

27 °C W Ush TeIEh 13 gm TG 116 © W 5371 & 37N 36 AHH Sl 52 °C q 91
TeT ST 2| FeITEsh o 19 T I 52 °C 9 ST TE 3R SaTe 99 & & o 81
S et 19 1 oI =1 B 7

7. (a) A system, maintained at constant volume, is brought in contact with a
thermal reservoir at temperature T,. If the initial temperature of
the system is T,, then calculate the change in the total entropy (AS). You
may assume that the specific heat of the system is independent of
temperature. 5

U freen, Rt ide STE S g9 8, 1 AE 7, W T oe R
(STETIRT) & Teh B TR WAl 21 Afe Ry (yurett) w1 srufies qmeme T3, 9l gt
ST T IEdH (AS) ST TUET S| 3AT9 g T Eehd & T JomTert sh1 Tafre 37 amae
i T g .
(b) Assume now that the change in system temperature is brought about
through successive contacts with N reservoirs at temperature
Tt AT, Tk DAL, wsvamsonss , T.~ AT, T

f ki
where NAT = Tf— T.. What will the change in the total entropy in the
limit N - e« and AT — 0? 5
79 A AR o5 aoam Dk B DROAT, oo, , Te=AT, Tf,‘T{NﬁEFq’h'{a%HTQI

fireh HT o qew & Reed WA § e S S R, S NAT = T- T,
N — oo 3R AT — 0 <1 el § et weidt # a1 aReds gme

(¢) Comment on the difference between (a) and (b) in the light of the second
law of thermodynamics. 4

SRR (ATATSTETEEE) < gork o 36 STTeTes o () 3R (b) 3 o= a7er ot fewoft =i

8. Two thin symmetric glass lenses, one biconvex and the other biconcave, are
brought into contact with optical power of 0-50 D. Newton’s Rings are observed
in reflected light with wavelength A = 0-61 um.

<l Uael AR STl T T, T IS 3R gE SWETEde, 0-50 D i HAlfehel Tt
% U B A S § | wefd See § = aer (o) aiertird e e g, Rt et

A =061 um &l

(a) Determine the radius of the tenth dark ring. 8
¥ (10th) BT To1 1 fBrsen st 7 Fewre|

(b) How the radius of that ring will change when the space between the
lenses is filled up with water? (Refractive index of water is 1-33) 6

IS T o S 1 I I 8 R T S 8 A 39 aorr h s 8 age st 2 (S
%1 ITIEIH GIhich & 1-33)
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SECTION—B
TE—B

9. Answer the following questions : 6x5=30
FrefeTiea st % s S

(@) Consider the neutral H, molecule, which has two protons and two
electrons. If both electrons go into the lowest energy bonding state, then
explain the Pauli exclusion principle. What is the total spin in ground
state and first excited state? 6

o =get 1, 319, SR q1 e ok € semei B At S some Reraw 39t |y
T H Tl S 7, A IS BT AU 1 Rigi 5T I Y| T5E 9 351 v
RS Ve A Fol o e 27

(b) Consider a particle which lies on a circle (its coordinate x takes values
in [0, 27R] and we identify x = x + 2nR). Let assume that the wave function
of the particle is periodic in x : y(x + 2nR) = y(x). What set of values can

its momentum take? If it is not periodic (e.g. y(x + 2nR) = ei"’w(x)), what
will happen? 6
aH | 6 T w0 g9 W R R (sEe Fsis x w1 am [0, 2nR] ¥ B 30X
X=x+2nR) TIER)| WH T T 01 BT Tt (T BE) x: yix + 27R) = y(x)
4 e filifes 31 o dom aml w1 SH-1 ug=E (3) & e 27 A 3
FaE TE 7 (e.g. wix + 2nR) = fy(x)), T AT B2

(c) Consider the ground state of a dumbbell-shaped molecule : mass of each
nucleus = 1-7 x 10724 gm, equilibrium nuclear separation = 0-75 A. Treat the

nuclei as distinguishable. Calculate the energy difference between the
first two rotational levels for this molecule. Take s =1-05x10"27 erg-sec. 6

S b SRR & 3 h1 T el 6 qRebeu HL T T ()
SN = 1.7 x 107 gm, Sfemferisrm =ifaerr S0eH (Ggor W] 9= = 075 Al
ST B ARSI WS | 9 377 % o0 vel < ol Wt (e weel) % o
31 3T S TOET R h=1-05x10"2" erg—secé‘?ﬁﬁ%%l

(d) Explain why baryon of spin 1 and an antibaryon of electric charge +2
cannot exist according to the quark model. 6

T {6 F1 T Aisel o STIER f&F 1 %1 SN 3R foregd 3maw +2 =1 Rfee
Hige Tt B TR 21
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(e) A trititum atom in its ground state beta decays to He'. Immediately after
the decay, what is the probability that the helium ion is in its ground
state, and in 2p state? 6

T fifead o] Ao get sree § wier (B) & T & He' H| & % qid W1 w4
TR 2 Toh ol ST 379 et 3Tawen 37 2p Sreryr & 27

_10. Consider a step functional potential V (x) = V © (x) and particles of energy
E > V incident on it from both sides simultaneously. The wave function is

( {Aeikx + Be~thx , x<0
yix)=

Ce'% 1 D& ¥, %D

where k= IQ;EE and g= }%EQ_V_)

AM o W9 BRAA TWREA V (x) = VO (x) IR IIehar 317 Tl £ > VTF T e
FTafd Bkt 21 99 B (TR Beld) B

<. [2mE _ |2m(E -V)
Wk:/h—Q?:ﬁqu 5|

(@) Determine two relations among the coefficients A, B, C and D from the

continuity of the wave function and of its derivative at the point x = 0. 5
T8 = 0 T T we 3R 39 Srahor (Sadia) 1 et @ s A, B, ¢ 3
D o9 g gey feifa

(b) Determine the matrix U defined by the relation

- 2

Show that U is a unitary matrix. 5

1 weiy (T g wfenfia Afeew (smegr) U Frafia =X

(\/ECJ:(UUUIQJ JkA
VkB) \U21Uz )\ /gD
fe@md St U T s ITeIE R

(c) Write down the probability current conservation and show that it is directly

related to the unitarity of the matrix U. &
Sieifeicrel (TR e Shoiaee ford iR femmd 9 g s (3am) U woemea
(FefE) & fyem weifera 21
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11. (@) The probability of finding the electron somewhere inside a shell of
radius r and of thickness dr is proportional to |R_, (r) [2r2dr. The factor

2. (r)[2 gives the probability density at radius 7 while the factor r2 dr

is proportional to the volume of the shell. For the 1s state of hydrogen,
at what radius is the maximum of |R_, (7)] 2722

Breal ¢ 3IR T dr % U Ut (shell) F et B o soEg e i SRR
IR, , ()] 2r2dr % ST Bt 31 HRE (B |R, ()% e » o TR
T 2T 2 SR HE 2 dr U % G % G ST 8| SISO i 1s e
(T % foru, foew foren W arfeemam 8 IR, (1|2 r??

(b) Calculate the expectation value (r) for the ground state of hydrogen.
How does this result compare with the result found using the Bohr
theory?

TSI H1 ge aren % R arEn T () T U 9K (Boh) % FEE H
3YET H0E STH IO 3 T 36 Ty S ger E Bl 87

(c) Evaluate the expectation value (1/r} for the ground state of hydrogen.

How does this result compare with the result found using the Bohr theory?

Comment on how (1/r) compares to 1/(r).

FTESISH I Te TR % foTg e e (1/7) 1 YIS Bt SR Tgi w1 S
= STH TR % G T8 ior i ger Ha Bt 3¢ et RS (1/7), 1/(r)
B qorT ST LT 2l

(d) Evaluate the expectation value (1/ TZ) for the ground state of hydrogen.
Note the following useful formula, valid for integer n > O :

3

n!

an+1

e Hdr =

T

STeSio i Tt are 35 o s o (1/¢2 ) S e R | Pt STt @
:hzﬁ,gmﬁ (38=R) n> 0 % U a9y -

co
I rte % dr =
0 a

n!
n+l
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12. For light nuclei in shell model—
Tt ATee H goohl 114 & ol —

(@) Using the harmonic oscillator shell model, describe the expected
configurations for the ground states of the light stable nuclei with A < 4,
specifying also their total L, S, J and T quantum numbers and parity. o

B HTTEeiet U Hise I ST Hid §U, A < 4 % T Foobl [RR 11H & I0
FrareT o foTe srafera fomme w1 avia 6l SueT 2leat ($T) L, S, J 3R T F6ieH S
3R T e =)

(b) For 4He, what states do you expect to find at about one oscillator quantum
of excitation energy? 5

YHe o ToTU 3170 Torm STereen § 30 3911 h1 ST Ush 31 Tielel 9oy @ieid 1 3rfie
FAE?

(c) Which radioactive decay modes are possible for each of these states? 4

3 AT H T T&h % [ -8 et 7 o dvw 20

13. The magnetic susceptibility is measured on a diamagnetic sample, which is
suspected to be contaminated by Mn. The measurement gave the following
results :

T[ThT HeIeTfTerdl =i U Sfcrgereh R T R AT ST 2, ek Mn T SiYa B 1 Heg
8| AT (A19) o g Fre o e

T(K) 300 | 180 | 145 | 115
x(SI)x107° | -8-88| -8-50| -8-24 | -7-86

(@) Show that the sample contains a paramagnetic contamination. 5
fe@Td o6 T & T STIIEhR |G 2

(b) Calculate the concentration of Mn under the assumption that they occur
as Mn?" ions with (Sds) configurations. S
Mn 3hl HIGAT i TUHT $9 YR & T8 2 16 o Mn* 3T & &9 1 (3d°) T
% Y R

(c) Determine the diamagnetic susceptibility of the substrate. 4
THT <l Uicrgereh i FaigRiterdT i e &
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14. The primitive translation vectors of a hexagonal space lattice may be taken as

ag =CzZ

Wﬂaﬁﬁﬂﬁaﬁ%\nm(mﬁwmﬁﬁa)%ﬁﬁrﬁaméﬁa

¥ w9 § foran S gepar 2

(a) Find the volume of the primitive cell.

fifufea o= w1 3T @ H

(b) Show that the primitive translations of the reciprocal lattice are

fd T wretEs adE & Rl e € -

blz(QE/B%a];cﬂZﬁ/a]i}

by = *[QR/S%G)}HQ%/Q)@

by = (21 /c)z
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15.

16.

If the proton is approximated as a uniform charge distribution in a sphere of
radius R, show that the shift of an s-wave atomic energy level in the hydrogen
atom, from the value it would have for a point proton, is approximately

2% o 2
==& |y (O)F R

ns 5 ’

AE

smaller than the Bohr radius. Why is the shift much smaller for non-s
states?

using the fact that the proton radius is much

. The 2s hydrogenic wave function is

(an,—a/zﬂ—uz{1#;}6@(_L}

What is the approximate splitting (in eV) between the 2s and 2p levels
induced by this effect? [a;,=5 % 10° cm for H, R=10"!3 cm)]

aife, Siieie ohl T3rea R 3% Tiiet H eheT SHrert foraeer o &9 7 SigAThe femer Smat 2, dl fewrd
31t T <6t Rre, w fomg Wieia & g 36 oW 8, e AEn zggeg [y, (0) ] R?
&, T %9 %1 ST hd gT o5 Tiei F3=em SR (Bohr) B & 9igd 121 81 Non-s 31T
% foru firee wigd Bier 741 2 7

25 FTEGI a0 Hed 3 :

3212 T L
(Rag) ~'"m 2aq s

30 WAE § WG 2s AR 2p T F = AN I9SH (6v #) T 8 e

[H®% fT q,=5% 107 cm, R~ 107" cm]

(@) Prove that the Weigner-Seitz cell for any 2-dimensional Bravias lattice
is either a rectangle or hexagon.

o7l e T RRE ot o-3TRmd sferg (Bravias) wifed & fou fimn—fis @« @ @t
3T B AT VS B

(b) Show that the ratio of the lengths of diagonals of each parallelogram face
of the Weigner-Seitz cell for the face centered cubic lattice is J§ i I

z91isu 5 Bols Siad T9 ST (STeres) o forg fer s 3t 3 I THmia Igss
el o TeRUlT Sh1 TiETS 1 AT /2 :1 2|

14
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(c) Show that every edge of the polyhedron bounding the Weigner-Seitz cell

V2

of the cubic lattice is >a times the length of the conventional cubic cell. 2

<t Fr Ffr ARE  Remdis 3 91 11 O I weiReH w1 v di

(bounding) HERMel F[eh T i TETG Bl g T 2l

(d) Show that the angle between any two lines (Bonds) joining a site of a

diamond lattice to its 4 nearest neighbours is cos ™! (—%) =109°28°. 3
SR o5 STEHE w18 o UM i 39 4 fevean Teifedt § e areft femdt <t st
oI 1 BT cos™! [—%J =109°28" 2|

* %k K
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